Epithelial components of the organs of the digestive system are derived from endoderm whereas connective tissue and muscle components are derived from mesoderm. At the 3-4 th of development, as a result of cephalocaudal and lateral foldings of the embryo, a portion of the endoderm-lined yolc sac cavity is incorporated in the embryo to from the primitive gut. Primitive gut is composed of four main regions which are pharyngeal gut, foregut, midgut, and hindgut; respectively. Intestines are derived from foregut, midgut and hindgut. The development of the intestines is characterised by lengthening, widening, thickening, histological and positional changes. In this manuscript we tried to review the morphological and functional development of the small and large intestines with the aid of pictures obtained from various stages of prenatal and postnatal development the intestines of rats. Previous reviews lack of information on both histological and functional development of the small and large intestines. 
brane that separates this segment from the surface ectoderm is located (3) (4) (5) (6) (7) (8) (9) (10) (11) .
The pharyngeal gut extending between the buccopharyngeal membrane and the tracheobronchial diverticulum is characterized by the pharyngeal arches, clefts, and pouches. Five pairs of endoderm-lined pharyngeal pouches give rise to the middle ear cavity, auditory tube, tympanic membrane (from the first pair), palatine tonsils (from the second pair), thymus and lower parathyroid glands (from the third pair), upper parathyroid glands (from the fourth pair), and parafollicular cells of the thyroid gland The subsequent foregut extends to the bottom of the liver bud. The respiratory system, esophagus, stomach, proximal part of the duodenum, liver, pancreas, and bile duct develop from this part. The subsequent midgut extends from the bottom of the liver bud to the end point of the two-thirds of proximal part of the transverse colon. Therefore, the distal jejunum, ileum, cecum, appendix, ascending colon, and 2/3 proximal part of the transverse colon develop from this region. The remaining distal part of the transverse colon, the descending colon, the sigmoid colon, and the rectum develops from the hindgut that is the last part of the primitive intestine (3-5, 7, 8) .
Further Development of the Intestines
The intestines develop from the foregut, midgut or hindgut related with their anatomical regions. The duodenum develops from the distal part of the foregut and from the proximal part of the midgut. The junction of these two parts is located just below the liver bud (7). The duodenum grows rapidly, creating a forward C-shaped curve. During the rotation of the stomach, the duodenal loop turns rightand enters into the retroperitoneal region (3) (4) (5) (6) (7) (8) (9) . The midgut extends from from the opening point of the ductus choledochus into the duodenum, to the junction of 2/3 proximal and 1/3 distal parts of the transverse colon (5, 7, 12) . The midpoint of the midgut just coincides with the middle of the ileum. The distal part of the duodenum and the proximal part of the jejunum and ileum develop from the cephalic part; the distal part of the ileum, cecum, appendix, ascending colon, and 2/3 proximal part of the transverse colon develop from the caudal part (3) (4) (5) (6) (7) (8) (9) (10) 12) . The junction of the cranial and caudal loops can be detected by the presence of vitelline duct remnants called "Meckel's diverticulum" or "ileal diverticulum" (7, 8) .
The subsequent development of the primary intestinal loops is characterized by rapid lengthening, especially in the cephalic limb. The volume of the expanded gut tract and of liver and kidneys is greater than the body cavity can accommodate. Consequently, the developing intestines are herniated into the extra-embryonic coelom cavity (umbrical cord) at 6 weeks of gestation. This is called "physiological umbilical herniation" (3, (7) (8) (9) . The herniated intestinal loops begin to move through the abdominal cavity at about 9 th week. It is suggested that regression of mesonephros, deceleration in the growth rate of the liver, and the enlargement of the abdominal cavity might be the triggering factors of the the intestinal return (3) (4) (5) (6) (7) (8) (9) . This phenomenon is defined as the "contraction of the herniation of the midgut." The proximal part of the jejunum returns first and locates in the central part of the the abdominal cavity. The other intestinal loops returning within a short time are positioned to the right side of the previously located loops (5, 7, 9) . The cecal bulge, which appears as a conical enlargement from the caudal part of the primitive intestinal loop when the embryo is 12 mm, is the last intestinal segment returning to the abdominal cavity (7, 9) . The cecum then descends to the right iliac fossa by forming the ascending colon and hepatic flexure. In the meantime, a narrow diverticulum called the "primitive appendix" appears at the distal end of the cecal bulge (3, 5, 7, 8) .
As the primitive intestinal loop elongates, it rotates around the axis of the superior mesenteric artery. The rotation reaches to counterclockwise 270 degrees when it is completed as viewed from in front. The midgut rotation continues during the herniation period (the first 90 degrees) and during the retraction of the midgut to the abdominal cavity (the remaining 180 degrees) (3) (4) (5) (6) (7) (8) 12 ).
The distal 1/3 of the transverse colon, the descending colon, the sigmoid, the rectum, and the upper part of the anal canal develop from the hindgut. The bladder epithelium and a large part of the urethra arise from the hindgut (3-9). The cloaca is divided into two parts by a mesenchymal septum called the urorectal septum. The septum separates the cloaca into two parts as the cranial compartments of the rectum and anal canal, and the urogenital sinus (3-7). At the seventh week, the urorectal septum separates the cloaca membrane into the dorsal anal membrane and the ventral urogenital membrane. The anal membrane ruptures at the end of the eighth week and allows the distal part of the anal canal to be connected with the amniotic space (3-6).
In mammals, the epithelium of the digestive system develops from the embryonic endoderm whereas the muscles, hematopoietic elements, and connective tissue develop from the mesoderm. The interaction between the epithelium and the mesenchyme plays a crucial role in the development of the intestines (13) . It has been demonstrated that the endoderm of the primitive foregut does not further differentiate in the cultures devoid of mesodermal tissues (14) . The intestinal canal begins to acquire its characteristic fetures as the mesoderm grows, thickens and differentiates into smooth muscles (15) . The development of intestines requires the growth, rotation and translocation of primitive intestinal loops, and acquire its charcteristic histological features (7, 10) . Rapid cellular proliferation in the endoderm and mesenchyme provides prolongation of the intestinal tract, formation of the lumen, and formation of the crypt-villus axis (13) .
Villi, epithelium, and glands: Villi develop at the duodenum at first as a result of the proliferation of mesenchymal tissue beneath the epithelium (9) . Villi appear at the ninth week as a result of the infiltration of the mesenchymal tissue beneath the multi-layered surface epithelium. . During this episode, the surface epithelium transformes into one-layer columnar epithelium (16) (17) (18) . Primitive glands appear in the small intestines at I.U. weeks 9-12 in human beings (19) . Brunner glands develop from the bottom of these crypts in the duodenum. In the large intestines, crypts and villi occur at the same time. The part between the two large intestinal villi matchs to the crypts of Lieberkühn. The villi that also appear in the large intestine during the development disappear as the villus tips thicken (9) . The villi of the colon are wide and flat (20) . The lower parts of the villi and the area between to adjacent villi become permanent crypts (9) . The small and large intestines cannot be distinguished from each other at I.U. week 7.5 in human beings (21) . Intestinal development also continues after birth. The length of the villus in human beings increases after birth and reaches adult size at the fourth week (22) .
The intestinal epithelium has an appearance of a stratified or a pseudo-stratified epithelium for some time during the development. The intestinal lumen is completely or partially occluded as a result of the excess proliferation of epithelial cells due to frequent mitosis about I.U. week 5. Then, the lumen is recanalized by the fusion of the vacuoles that emerge in I.U. week 6-7. However, Grand et al. (23) observed intraepithelial vacuoles within the 10 th week of gestation in human beings (7, 10) . It has been suggested that the vacuoles begin to appear in the lower parts of the epithelium next to the basal membrane and fuse to reform a central lumen. Initial formation of a vacuole is thought to be associated with epithelial apoptosis (12) . Villi and glands appear during recanalization. In this period, stratified epithelium differentiates into a single-layer columnar epithelium. At the end of I.U. 6 th month, all of the cell types of the glands can be seen (7, 10) . However, different results have been reported about the periods of appearance of glandular cells. Morikawa et al. (24) have observed duodenal glands containing PAS positive material after birth and reported that following nursing the glandular cells actively secrete. It has been reported that there is an increase in the duodenal glands until the end of the postnatal second month and that the cells are filled with secretory material (25) .
Goblet cells:
Goblet cells begin to appear after I.U. week 8 (19) . These cells have been shown to increase in number 19-fold beginning from the birth to the 24 th day. This result suggests that nursing may have an inducing effect on the number of goblet cells (26) . Paneth cells begin to appear in I.U. weeks 11-12 (19, 27 ).
Enteroendocrine cells: Enteroendocrine cells appear in the I.U. 9-11 th weeks (19) . Numerous endocrine cells are seen in the duodenum and rectum in I.U. [7] [8] [9] [10] [11] [12] th weeks and in the ileum and colon in the I.U. [24] [25] th weeks (28) .
Muscularis mucosa:
The muscularis mucosa develops at the end of the fourth month (8, 9).
Muscularis externa:
As of the second month, the circular muscles of the intestines appear first in the duodenum and then, in the small intestines, in the large intestines and rectum, respectively. Longitudinal muscles are formed in I.U. 10-12 th weeks (8, 9) . The electron microscopic features of the small intestine muscles in an 18-week-old fetus were found the same as those of adult muscles (29) . Peristaltism in the small intestines begins as of I.U. week 12 (30) . The migration of neuroblasts that will form the myenteric plexus begins in small intestines at I.U. 5 th week and extends to the rectum at the 12 th week (31) . At the 18 th week, neuroblasts and mature ganglion cells are seen in the myenteric plexus (32). Functional maturation of the digestive system in human beings begins at a quite early stage in the first period of gestation but progresses rather slowly (33) . Actually, the entire morphological and functional organization of the crypt-villus axis (including its digestive capacity) bears close resemblance to the newborn and adult mucosa at I.U. [18] [19] [20] th weeks (16) (17) (18) . The system of a newborn is capable of digesting carbohydrates and proteins in addition to the nutrients obtained from milk (33) . It has been reported that the colon is structurally and functionally similar to the small intestine during the newborn period and that the mucosa is flattened and stops secreting digesting enzymes a few days following birth (34) (35) (36) . Figure  1 summarizes the change in the intestines during the prenatal and postnatal development in a rat.
